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Abstract
2YLSRVLWLQJIHPDOHVDUHSUHGLFWHGWRVHOHFWKRVWSODQWVWKDWZLOOPD[LPLVHRIIVSULQJVXUYLYDODQGILWQHVV<HW
KRVWVRIWHQGLIIHULQWKHFRPSRQHQWRIODUYDOILWQHVVDIIHFWHGVRKRVWVHOHFWLRQRIWHQLQYROYHVDWUDGHRII
EHWZHHQVKRUWGHYHORSPHQWWLPHVDQGODUJHVL]HDQGKLJKIHFXQGLW\RIRIIVSULQJ,IKRVWVSHFLHVFDQGLUHFWO\
DIIHFWGHYHORSPHQWUDWHVDQGERG\VL]HDQGLIWKHUHDUHJHQGHUGLIIHUHQFHVLQUHVRXUFHDOORFDWLRQGXULQJ
GHYHORSPHQWWKHUHFDQEHGLIIHUHQWVH[VSHFLILFVHOHFWLRQSUHVVXUHVDVVRFLDWHGZLWKGLIIHUHQWKRVWV8VLQJD
0DGHLUDQSRSXODWLRQRIWKHVSHFNOHGZRRGEXWWHUIO\ Pararge aegeria /DVWKHPRGHOVSHFLHVJHQGHU
GLIIHUHQFHVLQODUYDOGHYHORSPHQWDQGVL]HZHUHH[DPLQHGLQUHVSRQVHWRWKHKRVWV Brachypodium
sylvaticum Holcus lanatus DQG Poa annua,WZDVREVHUYHGWKDWPDOHDQGIHPDOH P. aegeria ODUYDH
GLIIHUHGZLWKWKHLUUHVSRQVHVGHSHQGHQWRQWKHKRVWVSHFLHV7KHVHUHVXOWVZRXOGVXJJHVWWKDWRYLSRVLWLRQ
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2YLSRVLWLRQ EHKDYLRU RI IHPDOHV LV K\SRWKHVLVHG WR
KDYH HYROYHG WR HQVXUH WKDW WKH KRVWSODQW VSHFLHV
VHOHFWHG ZLOO PD[LPLVH ODUYDO JURZWK DQG VXUYLYDO
7KRPSVRQ 	 3HOOP\U  2YLSRVLWLQJ IHPDOHV
DUH WKRXJKW WR VKRZ D SUHIHUHQFH IRU KRVWSODQWV
WKDW VXSSRUW UDSLG ODUYDO GHYHORSPHQW -DQ] HW DO
 1\OLQ 	 *RWWKDUG  :HGHOO HW DO  DV
VKRUW GHYHORSPHQW WLPHV DFW WR UHGXFH H[SRVXUH
WLPHV WR SUHGDWRUV DQG SDUDVLWRLGV &RQQRU 
.ORN 	 &KRZQ  DQG IDFLOLWDWH UDSLG
UHSURGXFWLRQ LQ JURZLQJ SRSXODWLRQV )LVFKHU 	
)LHGOHU  *RWWKDUG HW DO  +RZHYHU KRVWV
FDQ DOVR DIIHFW RIIVSULQJ ERG\ VL]H -DQ] HW DO 
1\OLQ 	 *RWWKDUG  5RII  6WHDUQV 
WKHUHIRUH KRVWSODQW VHOHFWLRQ DW RYLSRVLWLRQ PD\
LQYROYH D WUDGHRII EHWZHHQ SODQWV WKDW VXSSRUW
UDSLG RIIVSULQJ GHYHORSPHQW DQG SODQWV WKDW HQDEOH
RIIVSULQJWRDFKLHYHDODUJHVL]HKLJKIHFXQGLW\
)XUWKHU RYLSRVLWLRQ VLWH FKRLFH LV FRPSOH[ EHFDXVH
WKHUH DUH PDQ\ IDFWRUV WKDW PD\ LPSDFW RQ ODUYDO
ILWQHVV )DFWRUV WKDW PD\ LQIOXHQFH WKH KRVWSODQW
FKRLFH RI IHPDOHV DUH WKRXJKW WR LQFOXGH WKH
GHQVLW\ GLYHUVLW\ DQG GLVWULEXWLRQ RI YHJHWDWLRQ
VXUURXQGLQJ KRVWSODQWV 3DSDM 	 5DXVKHU 
WKH DPRXQW RI QXWULWLRQ WKH KRVW ZLOO DIIRUG IRU
ODUYDO JURZWK /HDWKHU 	 %XUQDQG  2VWDII 	
4XLULQJ  KRVW GDPDJH :LVH HW DO 
KRVWSODQWVL]H .LUN  OHDI WH[WXUH /DQFH
 WKH SODQW SDUW VHOHFWHG -DOORZ 	 =DOXFNL
 KRVWSODQW DJH +XQWHU 	 (ONLQWRQ 
/DPE HW DO  6P\WK HW DO  DQG KRVW
DEXQGDQFH -DQ] HW DO  1\OLQ 	 -DQ] 
$GGLWLRQDOO\ KRVWSODQW VHOHFWLRQ E\ LQGLYLGXDO
IHPDOHV FDQ YDU\ JHRJUDSKLFDOO\ /DQFH  DQG
WHPSRUDOO\ 7DEDVKQLN HW DO  DQG WKXV
RIIVSULQJ VXUYLYDO LV DOVR VSDWLDOO\ DQG WHPSRUDOO\
YDULDEOH9DQ1RXKX\VHWDO
6WXGLHV ZLWK SK\WRSKDJXV LQVHFWV UHYHDO WKDW WKHUH
LV D ODUJH YDULDWLRQ LQ WKH SHUIRUPDQFH RI
LQGLYLGXDOV RQ GLIIHUHQW KRVWV /DQFH  6LQJHU
HW DO  7DEDVKQLN HW DO  7LNNDQHQ HW DO
 :HGHOO HW DO  :HGHOO et al. 
REVHUYHG WKDW WKH ODUYDO KRVWSODQW RI WKH FRPPD
EXWWHUIO\  Polygonia c-album  VWURQJO\ DIIHFWHG
WKH SURSHQVLW\ WR HQWHU GLDSDXVH DQG WKDW PDOHV
WHQGHG WR HQWHU GLDSDXVH WR D JUHDWHU H[WHQW WKDQ
IHPDOHV ZKHQ UHDUHG RQ SRRU KRVWSODQWV 7LNNDQHQ
et al.  IRXQG WKDW Operophtera brumata
IHPDOHV KDG KLJKHU JURZWK UDWHV WKDQ PDOHV DQG
WKDW WKH KRVWSODQW VSHFLHV DIIHFWHG WKH ZHLJKW RI
DGXOWIHPDOHVEXWQRWWKHZHLJKWRIDGXOWPDOHV
*LYHQ WKDW KRVWSODQW VSHFLHV FDQ GLUHFWO\ DIIHFW
GHYHORSPHQW UDWHV RU ERG\ VL]H PDOH DQG IHPDOH
ODUYDH PD\ IDFH GLIIHUHQW OLIH KLVWRU\ WUDGHRIIV RQ
GLIIHUHQW KRVWV $ VH[XDO GLPRUSKLVP LQ VL]H RFFXUV
LQ WKH VSHFNOHG ZRRG EXWWHUIO\ Pararge aegeria,
GXH WR GLIIHUHQFHV LQ WKH DOORFDWLRQ RI ODUYDO GHULYHG
UHVRXUFHV 6LEO\ HW DO  6LEO\ et al 
VXJJHVWHG WKDW PDOHV PD\ LQYHVW LQ OLSLG UHVHUYHV WR
HQDEOH ORQJHU PDWLQJ IOLJKWV RU WHUULWRULDO GLVSXWHV
6LEO\ HW DO  ZKHUHDV IHPDOHV LQYHVW LQ
QLWURJHQ UHVHUYHV ZKLFK DUH DOORFDWHG WR WKH
DEGRPHQ IRU UHSURGXFWLRQ .DUOVVRQ 	 :LFNPDQ
 6LQFH P. aegeria IHHG RQ D PRUH SURWHLQULFK
IRRG VRXUFH GXULQJ WKHLU ODUYDO VWDJH WKDQ GXULQJ
WKHLU DGXOW VWDJH 6YlUG 	 :LNOXQG  DQG
EHFDXVH VSHUPDWRSKRUHV FRQWDLQ RQO\ D VPDOO
SHUFHQWDJH RI SURWHLQ WKHUHIRUH SURYLGLQJ
XQVXEVWDQWLDO QXSWLDO JLIWV %RJJV  WKHUH LV
OLWWOH RSSRUWXQLW\ IRU DGXOW IHPDOHV WR DFFXPXODWH
DGGLWLRQDO QLWURJHQRXV UHVRXUFHV IRU UHSURGXFWLRQ
0DOHV KRZHYHU FDQ JDLQ DGGLWLRQDO OLSLG UHVRXUFHV
WKURXJK DGXOW IHHGLQJ 7KXV IHPDOH IHFXQGLW\ LV
ODUJHO\ GHSHQGHQW RQ WKH UHVRXUFHV DFFXPXODWHG
GXULQJ WKH ODUYDO VWDJH HJ :LNOXQG HW DO 
'LIIHUHQFHV LQ KRVWSODQW XWLOLVDWLRQ GXULQJ ODUYDO
GHYHORSPHQW SHUKDSV GXH WR QXWULWLRQDO
GLIIHUHQFHV EHWZHHQ KRVW VSHFLHV PD\ WKHUHIRUH
FDUU\ D KLJKHU FRVW IRU IHPDOH P. aegeria WKDQ IRU
PDOH P. aegeria DV ODUJH ERG\ VL]H LV H[SHFWHG WR EH
PRUHLPSRUWDQWIRUDGXOWIHPDOHVWKDQDGXOWPDOHV
*LYHQ WKH SURSHQVLW\ RI P. aegeria WR XVH PRUH WKDQ
RQH KRVW DQG WKH JHQGHU GLIIHUHQFHV LQ ODUYDO
UHVRXUFH DOORFDWLRQ WKH K\SRWKHVLV ZDV WHVWHG WKDW
PDOH DQG IHPDOH ODUYDH GLIIHU LQ WKHLU UHODWLYH
SHUIRUPDQFH RQ GLIIHUHQW KRVWV /DUYDH ZHUH UHDUHG
RQ B. sylvaticum H. lanatus DQG P. annua DQG WKH
HIIHFWV RI KRVW SODQW VSHFLHV RQ GHYHORSPHQW WLPH
SXSDO PDVV DQG VXUYLYDO LQ D 0DGHLUDQ SRSXODWLRQ
RI P. aegeria ZHUH H[DPLQHG Pararge aegeria LV DQ
LPSRUWDQW PRGHO V\VWHP IRU LQVHFW OLIH KLVWRU\ DQG
HFRORJ\ DQG 1RUWKHUQ (XURSHDQ SRSXODWLRQV RI P.
aegeria KDYH EHHQ H[WHQVLYHO\ VWXGLHG HJ
*RWWKDUG HW DO  9DQ '\FN HW DO  *RWWKDUG
HW DO  9DQ '\FN 	 :LNOXQG  $OWKRXJK
WKH QDWXUDO KLVWRU\ RI KRVW SODQW XVH DQG ODUYDO
GHQVLWLHV KDV QRW EHHQ H[WHQVLYHO\ VWXGLHG LQ
QDWXUDO SRSXODWLRQV RI P. aegeria RQ 0DGHLUD LW LV
NQRZQ WKDW DOWKRXJK WKH SUHIHUUHG KRVW SODQW B.
sylvaticum LV YHU\ ZLGHVSUHDG DQG DEXQGDQW HJJV
ODLG DUH QRW DOZD\V XQLIRUPO\ GLVWULEXWHG ZLWK ODUJH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661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-RXUQDORI,QVHFW6FLHQFH9RO$UWLFOH QXPEHUV RI HJJV VRPHWLPHV REVHUYHG RQ VLQJOH KRVW
SODQWV -RQHV HW DO  %\ H[DPLQLQJ WKH HIIHFWV
RI KRVW SODQW VSHFLHV RQ JHQGHU VSHFLILF OLIHKLVWRU\
DQG ILWQHVV LQ DQRWKHU SRSXODWLRQ RI P. aegeria
IURP D YHU\ GLIIHUHQW HQYLURQPHQW WKLV VWXG\ DLPV
WR DGG DGGLWLRQDO LQIRUPDWLRQ WR WKH H[WHQVLYH
NQRZOHGJHRIWKHOLIHKLVWRU\RIWKLVVSHFLHV
Materials and Methods
Study organism
,Q  DW 3RUWHOD RQ 0DGHLUD  HJJV RI P. aegeria
ZHUH FROOHFWHG IURP Brachypodium sylvaticum
DQG UHWXUQHG WR WKH 0DQFKHVWHU 0HWURSROLWDQ
8QLYHUVLW\ EXWWHUIO\ KRXVH IRU UHDULQJ  DGXOWV
HFORVHG DQG ZHUH PDLQWDLQHG IRU WKUHH JHQHUDWLRQV
LQ D IOLJKW FDJH  [  [ P $GXOWV ZHUH IHG
GDLO\ ZLWK D  KRQH\ VROXWLRQ YLD ILYH DUWLILFLDO
IORZHUV IRU GHVLJQ VHH &RU\ 	 *RXOVRQ 
GLVWULEXWHG DW UDQGRP LQ WKH IOLJKW FDJH +RQH\
VXSSOLHV ZHUH UHSOHQLVKHG GDLO\ 7HQ
Brachypodium sylvaticum SODQWV ZHUH PDGH
DYDLODEOH IRU WKH ) JHQHUDWLRQ IHPDOHV Q    WR
OD\ WKHLU HJJV 7KHVH SODQWV ZHUH GLVWULEXWHG
UDQGRPO\ WKURXJKRXW WKH IOLJKW FDJH 3KRWRSHULRG
1\OLQ HW DO  DQG WHPSHUDWXUH 6LEO\ HW DO
 DUH NQRZQ WR DIIHFW WKH GHYHORSPHQW RI P.
aegeria ODUYDH $ K /' F\FOH D WHPSHUDWXUH RI
   & DQG D KXPLGLW\ RI    ZHUH
WKHUHIRUH VWULFWO\ PDLQWDLQHG IRU WKH ZKROH RI WKH
JURZWK SHULRG LH IURP HJJ VWDJH WR DGXOW VWDJH
/LJKWLQJ LQ WKH EXWWHUIO\ KRXVH ZDV SURYLGHG DW DQ
LQWHQVLW\RI/X[E\HLJKWFHLOLQJODPSV
Host-plants
7KH ODUYDO KRVWSODQWV B. sylvaticum H. lanatus
DQG P. annua ZHUH JURZQ IURP FRPPHUFLDOO\
SURGXFHG VHHG DQG VRZQ LQ LQFK SRWV FRQWDLQLQJ
VRLOEDVHG FRPSRVW 7R UHGXFH WKH DIIHFW RI
HQYLURQPHQWDO YDULDWLRQ RQ KRVW SODQW JURZWK DOO RI
WKH SODQWV ZHUH UHDUHG XQGHU LGHQWLFDO FRQGLWLRQV DW
D WHPSHUDWXUH RI    & DQG D KXPLGLW\ RI  
  /LJKW ZDV SURYLGHG DW DQ LQWHQVLW\ RI 
/X[ RYHU D K /' F\FOH (DFK RI WKH SODQW VSHFLHV
UHVSRQGHG ZHOO WR WKHVH VWDQGDUGLVHG JURZWK
FRQGLWLRQV 3ODQWV ZHUH ZDWHUHG GDLO\ EXW QHYHU
IHUWLOLVHG +RVWSODQW DJH LV NQRZQ WR DIIHFW WKH
TXDOLW\ RI WKH SODQW DV D UHVRXUFH IRU ODUYDH 6FULEHU
	 6ODQVN\  DQG FDQ DFW WR OHQJWKHQ ODUYDO
GHYHORSPHQW +XQWHU 	 (ONLQWRQ  7KHUHIRUH
DOO RI WKH SODQWV XVHG LQ WKLV VWXG\ ZHUH RI \RXQJ
DJHV LH ZHUH XVHG ZKHQ WKH\ KDG EHWZHHQ  DQG
EODGHV
Experimental design
(JJV ZHUH FROOHFWHG GDLO\ IURP ) JHQHUDWLRQ
IHPDOHV PDLQWDLQHG LQ WKH ODERUDWRU\ SRSXODWLRQ
7KHVH HJJV ZHUH UHPRYHG IURP WKH KRVWSODQWV DQG
VLQJOH HJJV ZHUH SODFHG LQWR LQGLYLGXDO  PO
WUDQVSDUHQW FRQWDLQHUV XQWLO KDWFKLQJ 8SRQ
KDWFKLQJ WKH ODUYDH ZHUH UDQGRPO\ DVVLJQHG WR
SRWWHG SODQWV RI HLWKHU B. sylvaticum, H. lanatus RU
P. annua DW GHQVLWLHV RI  ODUYDH SHU SODQW $ WRWDO
RIODUYDHZHUHGLVWULEXWHGDWWKLVGHQVLW\RYHU
SODQWV 2OGHU ODUYDH KDYH EHHQ VKRZQ WR KDYH D
VLJQLILFDQW FRPSHWLWLYH DGYDQWDJH %ULJJV HW DO
 .UHEV 	 %DUNHU  WKHUHIRUH DOO RI WKH
ODUYDH DVVLJQHG WR DQ LQGLYLGXDO SODQW VKDUHG WKH
VDPH KDWFKLQJ GDWH DOWKRXJK QRW WKH VDPH SDUHQW
WKXV IDPLOLHV ZHUH UDQGRPO\ DVVLJQHG DFURVV
WUHDWPHQW JURXSV 3ODQWV ZHUH VLPLODU LQ VL]H ZLWK
DSSUR[LPDWHO\  EODGHV SHU SODQW 7KH LQGLYLGXDO
SODQWV ZHUH SODFHG LQWR VHSDUDWH P QHWWHG FDJHV
LQ WKH EXWWHUIO\ KRXVH 7R DYRLG IRRG VKRUWDJHV DOO
SODQWV ZHUH FKDQJHG EHIRUH WKH\ KDG EHHQ
FRPSOHWHO\GHIROLDWHG
3XSDWLRQ GDWH SXSDO PDVV DQG HFORVLRQ GDWH ZHUH
UHFRUGHG IRU HDFK LQGLYLGXDO $W SXSDWLRQ
LQGLYLGXDOV ZHUH UHPRYHG IURP WKHLU KRVWSODQW DQG
VXVSHQGHG E\ D FRWWRQ WKUHDG LQ VHSDUDWH PO
WUDQVSDUHQW SODVWLF FRQWDLQHUV XQWLO HFORVLRQ 8SRQ
HPHUJHQFHWKHVH[RIWKHDGXOWZDVUHFRUGHG
Statistical analyses
$ WZRZD\ DQDO\VLV RI YDULDQFH ZLWK UHSOLFDWH
SODQWV QHVWHG XQGHU VSHFLHV ZDV XVHG WR LQYHVWLJDWH
WKH HIIHFWV RI KRVWVSHFLHV JHQGHU DQG WKH KRVW
VSHFLHV [ JHQGHU LQWHUDFWLRQ RQ ODUYDO GHYHORSPHQW
WLPH SXSDO WLPH SXSDO PDVV DQG ODUYDO JURZWK
UDWH 1HVWLQJ UHSOLFDWH SODQWV XQGHU D JLYHQ VSHFLHV
FRQWUROOHG IRU PHDVXUHV IURP PRUH WKDQ RQH
LQGLYLGXDO GHULYHG IRU D JLYHQ SODQW D SODQW HIIHFW
/DUYDO JURZWK UDWH PJGD\ ZDV FDOFXODWHG E\
GLYLGLQJ SXSDO PDVV PJ E\ ODUYDO GHYHORSPHQW
WLPH GD\V $ 3HDUVRQ FKLVTXDUH WHVW ZDV XVHG WR
FRPSDUH WKH SURSRUWLRQ RI VXUYLYLQJ DGXOWV RQ HDFK
KRVWSODQW DQG WR GHWHUPLQH ZKHWKHU WKHUH ZHUH
KRVWSODQW GHSHQGHQW GLIIHUHQFHV LQ DGXOW VH[UDWLR
$ ORJLVWLF UHJUHVVLRQ ZDV SHUIRUPHG WR GHWHUPLQH
KRZ WKH VL]H RI WKH LQGLYLGXDO DW SXSDWLRQ DIIHFWHG
VXUYLYRUVKLS WR DGXOWKRRG $OO WHVWV ZHUH WZRWDLOHG
7KH VWDWLVWLFDO SURFHGXUHV ZHUH SHUIRUPHG XVLQJ
6\VWDW
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Development time
7KHUH ZDV DQ RYHUDOO VLJQLILFDQW HIIHFW RI KRVWSODQW
VSHFLHV RQ WKH OHQJWK RI WKH ODUYDO JURZWK SHULRG
EXW QR HIIHFW RI JHQGHU DQG QR JHQGHU [ KRVWSODQW
LQWHUDFWLRQ /DUYDO GHYHORSPHQW WLPH ZDV VKRUWHVW
ZKHQ RIIVSULQJ ZHUH UHDUHG RQ H. lanatus DQG
ORQJHVWZKHQUHDUHGRQ P. annua 7DEOH
7KHUH ZDV QR HIIHFW RI KRVWSODQW RQ WKH DPRXQW RI
WLPH VSHQW DV SXSDH DQG QR HIIHFW RI JHQGHU 7DEOH

7RWDO GHYHORSPHQW WLPH ODUYDO WLPH  SXSDO WLPH
ZDV VLJQLILFDQWO\ DIIHFWHG E\ KRVWSODQW VSHFLHV EXW
WKHUH ZDV QR HIIHFW RI JHQGHU DQG QR JHQGHU [
KRVWSODQW LQWHUDFWLRQ 7RWDO GHYHORSPHQW WLPH ZDV
REVHUYHG WR EH VKRUWHVW ZKHQ ODUYDH ZHUH UHDUHG RQ
H. lanatus DQG ORQJHVW ZKHQ ODUYDH ZHUH UHDUHG RQ
P. annua 7DEOH
Pupal mass
3XSDO PDVV ZDV VLJQLILFDQWO\ DIIHFWHG E\ KRVWSODQW
VSHFLHV JHQGHU DQG WKHUH ZDV DOVR D VLJQLILFDQW
JHQGHU [ KRVWSODQW LQWHUDFWLRQ 7DEOH  %RWK
VH[HV VKRZHG D JHQHUDO WUHQG RI VPDOO SXSDO PDVV
RQ B. sylvaticum DQG ODUJH SXSDO PDVV RQ P.
annua EXW WKH UHVSRQVH WR H. lanatus ZDV GLIIHUHQW
EHWZHHQ WKH VH[HV 7DEOH  )HPDOHV DWWDLQHG
ODUJHU SXSDO PDVV WKDQ PDOHV ZKHQ UHDUHG RQ H.
lanatus
Growth rate
*URZWK UDWH ZDV VLJQLILFDQWO\ DIIHFWHG E\ KRVW SODQW
VSHFLHV DQG WKHUH ZDV D VLJQLILFDQW JHQGHU [
KRVWSODQW LQWHUDFWLRQ EXW QR DIIHFW RI JHQGHU DORQH
7DEOH  0DOHV KDG IDVWHU JURZWK UDWHV WKDQ
IHPDOHV RQ B. sylvaticum DQG P. annua EXW RQ H.
lanatus IHPDOHV KDG IDVWHU JURZWK UDWHV WKDQ PDOHV
)LJXUH
Survivorship of adults
7KHUH ZDV QR HIIHFW RI KRVWSODQW RQ VXUYLYDO WR
SXSDWLRQ 7DEOH  Ƶ    GI    3   
RU HFORVLRQ 7DEOH  Ƶ    GI    3   
7KHUH ZDV KRZHYHU D VLJQLILFDQW UHODWLRQVKLS
EHWZHHQ VL]H DW SXSDWLRQ DQG OLNHOLKRRG RI
VXUYLYLQJ WR DGXOWKRRG ORJLVWLF UHJUHVVLRQ Ƶ 
GI 3 
Discussion
/LIHKLVWRU\ WKHRU\ SUHGLFWV WKDW DQ RSWLPDO
KRVWSODQW ZLOO IDFLOLWDWH VKRUW JURZWK WLPHV DQG
ODUJH VL]H DQG DOVR PD[LPLVH VXUYLYDO UDWHV /LIH
KLVWRU\ VWXGLHV DOVR VKRZ D WUDGHRII EHWZHHQ VL]H
DQG UDWH RI GHYHORSPHQW -DQ] HW DO  1\OLQ 	
*RWWKDUG  5RII  6WHDUQV  ,Q WKLV
VWXG\ D JHQGHU GLIIHUHQFH ZDV IRXQG LQ UHVSRQVH WR
GLIIHUHQW KRVW SODQW VSHFLHV 0DOHV KDG WKH KLJKHVW
JURZWK UDWHV ZKHQ UHDUHG RQ P. annua ZKHUHDV
IHPDOHV KDG WKH KLJKHVW JURZWK UDWHV ZKHQ UHDUHG
RQ H. lanatus *LYHQ WKH XQHTXDO ILWQHVV HIIHFWV RI
KRVWSODQWV RQ PDOH DQG IHPDOH ODUYDH RYLSRVLWLQJ
P. aegeria FRXOG XVH D PL[WXUH RI KRVWSODQWV DV D
µEHWKHGJLQJ¶VWUDWHJ\
2Q 0DGHLUD WKH SUHIHUUHG KRVW SODQW B. sylvaticum
LV ZLGHVSUHDG DQG DEXQGDQW 2ZHQ HW DO 
-RQHV HW DO  ,Q WKH ODERUDWRU\ XQGHU FURZGHG
Table 1. 1HVWHG7ZRZD\$129$IRUHIIHFWVRIKRVWSODQWDQGJHQGHURQOLIHKLVWRU\WUDLWVLQ Pararge aegeri
Trait Source d.f MS F-Ratio P
Larval time (days) +RVWSODQW    
0HDQ5  *HQGHU    
,QWHUDFWLRQ    
3ODQWVSHFLHV    
(UURU  
Pupal time (days) +RVWSODQW    
0HDQ5  *HQGHU    
,QWHUDFWLRQ    
3ODQWVSHFLHV    
(UURU  
Total development time (days) +RVWSODQW    
0HDQ5  *HQGHU    
,QWHUDFWLRQ    
3ODQWVSHFLHV    
(UURU  
Pupal mass (mg) +RVWSODQW    
0HDQ5  *HQGHU    
,QWHUDFWLRQ    
3ODQWVSHFLHV    
(UURU  
Growth rate (mg/day) +RVWSODQW    
*HQGHU    
,QWHUDFWLRQ    
3ODQWVSHFLHV    
(UURU  
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661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-RXUQDORI,QVHFW6FLHQFH9RO$UWLFOH Table 2. /LIHKLVWRU\GDWDIRUPDOHDQGIHPDOH P. aegeria ODUYDHUHDUHGRQGLIIHUHQWKRVWSODQWV
Host plant Trait Mean male (± SE) Mean female (± SE)
B. sylvaticum /DUYDOWLPHGD\V Q  Q 
3XSDOWLPHGD\V Q  Q 
7RWDOGHYHORSPHQWWLPHGD\V Q  Q 
3XSDOPDVVPJ Q  Q 
*URZWKUDWHPJGD\ Q  Q 
H. lanatus /DUYDOWLPHGD\V Q  Q 
3XSDOWLPHGD\V Q  Q 
7RWDOGHYHORSPHQWWLPHGD\V Q  Q 
3XSDOPDVVPJ Q  Q 
*URZWKUDWHPJGD\ Q  Q 
P. annua /DUYDOWLPHGD\V Q  Q 
3XSDOWLPHGD\V Q  Q 
7RWDOGHYHORSPHQWWLPH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Q  Q 
3XSDOPDVV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Q  Q 
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Q  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Figure 1. 7KHHIIHFWVRIKRVWSODQWDQGJHQGHURQJURZWKUDWHVPJGD\LQPDOHDQGIHPDOH P. aegeria ODUYDHZKHUH
SODQWVSHFLHV  B. sylvaticum  H. lanatus DQG  P. annua
FRQGLWLRQV GHYHORSPHQW RQ B. sylvaticum
SRWHQWLDOO\ FDUULHV D ILWQHVV FRVW IRU IHPDOH ODUYDH
EHFDXVH IHPDOHV GR QRW DFKLHYH KLJK JURZWK UDWHV
RQ WKLV VSHFLHV FRPSDUHG WR H. lanatus DQG P.
annua ,W LV NQRZQ WKDW XQGHU RSWLPDO FRQGLWLRQV
IHPDOH P. aegeria KDYH KLJKHU JURZWK UDWHV WKDQ
PDOHV *LEEV HW DO  DQG VHOHFWLRQ IRU ODUJH
IHPDOH VL]H DQG KHQFH KLJK IHFXQGLW\ ZRXOG
DSSHDU WR EH PRUH LPSRUWDQW IRU ILWQHVV WKDQ
VHOHFWLRQ IRU ODUJH PDOH VL]H *RWWKDUG HW DO 
/HLPDU HW DO  *LYHQ WKH VWURQJ VHOHFWLRQ IRU
ODUJH VL]H LQ IHPDOHV WKLV PLJKW VXJJHVW D SRVVLEOH
SDUHQWRIIVSULQJ FRQIOLFW EHWZHHQ RYLSRVLWLRQ
SUHIHUHQFH DQG IHPDOH RIIVSULQJ SHUIRUPDQFH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO$UWLFOH +RZHYHU IXUWKHU VWXGLHV GHVLJQHG WR H[DPLQH WKLV
VSHFLILF LGHD DUH UHTXLUHG HVSHFLDOO\ JLYHQ WKDW LQ
QDWXUH DQ RYLSRVLWLRQ SUHIHUHQFH IRU B. sylvaticum
PD\ HQKDQFH ODUYDO ILWQHVV WKURXJK RWKHU IDFWRUV
HJ GHQVLW\ RI YHJHWDWLRQ VXUURXQGLQJ KRVW SODQWV
3DSDM 	 5DXVKHU  WKDW DUH FRQWUROOHG IRU
GXULQJ ODERUDWRU\ VWXGLHV $OVR GXULQJ WKLV
ODERUDWRU\ H[SHULPHQW RIIVSULQJ SHUIRUPDQFH ZDV
H[DPLQHG XQGHU VXERSWLPDO FRQGLWLRQV ODUYDO
FURZGLQJ ZKHUH ODUYDH H[SHULHQFHG SHULRGV RI IRRG
VKRUWDJH +LJK JURZWK UDWHV KDYH EHHQ SUHGLFWHG WR
EH FRVWO\ LQ WHUPV RI ILWQHVV HJ LQFUHDVHG
PRUWDOLW\ GXULQJ SHULRGV RI IRRG VKRUWDJH
*RWWKDUG HW DO  2IIVSULQJ SHUIRUPDQFH
SDUWLFXODUO\ IHPDOH SHUIRUPDQFH LV WKHUHIRUH OLNHO\
WR EH HQKDQFHG XQGHU PRUH RSWLPDO FRQGLWLRQV
ZKHUH WKH FRVWV DVVRFLDWHG ZLWK D KLJK JURZWK UDWH
ZRXOG EH UHGXFHG )RU H[DPSOH LW LV NQRZQ WKDW
ZKHQ UHDUHG XQGHU VROLWDU\ FRQGLWLRQV RQ B.
sylvaticum IHPDOH RIIVSULQJ KDYH KLJKHU JURZWK
UDWHV WKDQ ZKHQ UHDUHG LQ JURXSV DQG WKH\ DOVR
KDYH KLJKHU JURZWK UDWHV WKDQ PDOHV *LEEV HW DO
 6WXGLHV H[DPLQLQJ WKH FRVWV DVVRFLDWHG ZLWK
KLJK JURZWK UDWHV GHVHUYH IXUWKHU DWWHQWLRQ
SDUWLFXODUO\ LQ UHODWLRQ WR KRZ RYLSRVLWLRQ EHKDYLRU
FRXOG DFW WR PLQLPLVH WKH HIIHFW )RU H[DPSOH LI
RYLSRVLWLQJ IHPDOHV DYRLGHG FURZGHG HJJOD\LQJ
VLWHV DQG ODLG VLQJOH HJJV RQ KRVW SODQWV WKH\ PD\
DFW WR  EXIIHU WKH VL]H GLVDGYDQWDJH LQFXUUHG E\
WKHLU IHPDOH RIIVSULQJ VWDUWLQJ OLIH RQ D SRRU
KRVWSODQW  LQFUHDVH ODUYDO VXUYLYDO WR DGXOWKRRG
 GHFUHDVH WKH PDJQLWXGH RI WKH IHPDOH
SUHIHUHQFHSHUIRUPDQFH FRQIOLFW DQG  UHGXFH
PDOHIHPDOH ODUYDO FRPSHWLWLRQ 7R DFKLHYH WKLV
RYLSRVLWLQJ IHPDOHV ZRXOG QHHG WR GHYRWH WLPH WR
VHDUFKLQJIRURSWLPDOKRVWSODQWVDQGORFDWLRQV
3ODQW SKHQRORJ\ PD\ KDYH D VWURQJ DIIHFW RQ
RIIVSULQJ SHUIRUPDQFH DQG LW ZRXOG EH LQWHUHVWLQJ
WR H[DPLQH SODVWLF UHVSRQVHV WR KRVW VSHFLHV RI P.
aegeria ZLWKLQ QDWXUDO SRSXODWLRQV 0RUH
VSHFLILFDOO\ IXUWKHU VWXGLHV DUH UHFRPPHQGHG WR
H[SORUH KRVW SODQW QLFKHV ZLWK UHVSHFW WR
HQYLURQPHQWDO FRQGLWLRQV KRVW SODQW XVH GXULQJ
RYLSRVLWLRQ DQG ODUYDO GHQVLWLHV W\SLFDOO\ REVHUYHG
RQ GLIIHUHQW KRVW VSHFLHV RQ 0DGHLUD 6XFK VWXGLHV
PD\ SURYLGH D YDOXDEOH LQVLJKW LQWR WKH HYROXWLRQ RI
OLIHKLVWRU\WUDGHRIIVLQ P. aegeria
7KLV VWXG\ KDV VKRZQ WKDW WKHUH DUH JHQGHUUHODWHG
GLIIHUHQFHV LQ ODUYDO SHUIRUPDQFH RQ GLIIHUHQW KRVWV
DQG WKDW KRVWSODQW VHOHFWLRQ PD\ FDUU\ ILWQHVV
FRQVHTXHQFHV WR RIIVSULQJ +RZHYHU WKH KRVWSODQW
VSHFLHV VHOHFWHG IRU RYLSRVLWLRQ LV QRW WKH RQO\
IDFWRU WKDW PD\ LQIOXHQFH ODUYDO ILWQHVV DQG DGXOW
IHPDOHV PD\ EH DEOH WR EXIIHU DQ\ GLVDGYDQWDJHV
WKURXJK RWKHU EHKDYLRUV GXULQJ RYLSRVLWLRQ HJ E\
DYRLGLQJ HJJ FOXPSLQJ 7KH FRHYROXWLRQ RI
KRVWVSHFLILFLW\ DQG RYLSRVLWLRQ EHKDYLRUV PD\ KDYH
KHOSHG WR EDODQFH WKH FRQIOLFWLQJ QHHGV RI IHPDOH
RIIVSULQJPDOHRIIVSULQJDQGWKHLUPRWKHU
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